INTRODUCTION
Plate tectonics is one of the fundamental processes that drive the distribution and generation of crust on the earth's surface . Continental crust is largely generated above subduction zones, with secondary sites associated with rifts, hot spots and volcanic rifted margins (Stern, 2010) . However, whether modern day plate tectonics was active throughout the entire Earth history is debateable (e.g. Stern, 2005; Van Kranendonk et al., 2007; Gerya, 2014) , particularly for the Archaean when the rock record (e.g. lack and/or scarcity of well documented suture zones, ophiolite sequences, and UHP metamorphic rocks) makes it difficult to correlate Archaean tectonics with present-day tectonics. Field evidence such as structural juxtaposition and duplication of stratigraphy, sedimentary cycles and sedimentation histories, plutonic and volcanic age records and geophysical imaging have been used to infer or discount plate tectonic scenarios in the Archaean (e.g. Hamilton, 1998; de Wit, 1998; Jelsma and Dirks, 2002; Van Kranendonk et al., 2004; Bédard et al., 2013) .
With the exceptions of an Archaean tectonic mélange in the North China Craton, interpreted to fingerprint subduction at 2500 Ma (Wang et al., 2013) , and eclogites with a MORB-like geochemical signature from the Kola Peninsula, Russia (Mints et al., 2010) , interpreted to indicate subduction as early as 2870 Ma, no other Archaean rocks
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This article is protected by copyright. All rights reserved. unequivocally indicate subduction. The general paucity of other well-documented field evidence for plate tectonics in the Archaean has been explained by the concept of intermittent and/or localised plate tectonics during the Archaean (e.g. Moyen and van Hunen, 2012; Rey et al., 2015) . Since modern-day plate tectonics is dominated by spreading, subduction, and island arc accretion to continental margins, the existence of a modern plate-tectonic regime in the Archaean is mostly argued around geochemical evidence for the presence of arcs and/or spreading centres (Bédard et al., 2013) . For example, most interpreted Archaean oceanic basalts have a crustal component (Pearce, 2008) and probably erupted on pre-existing continental crust; therefore, no Archaean oceanic lithosphere contains evidence for spreading (Kamber, 2015) . On the other hand, many authors (Foley et al., 2002; Martin et al, 2005; Rollinson, 2010) argue that the Archaean TTG (tonalite-trondhjemite-grandiorite) suite, the dominant rock types in preserved Archaean crust (Hamilton, 2011) , were generated in a convergent setting in island arcs above active subduction zones. Opponents argue that the Archaean TTG suites can be generated by vertical tectonics in plume-induced oceanic plateaus (Zegers and Keken, 2001; Bédard, 2006; Van Kranendonk, 2010; Kwelwa et al., 2017a) or from melting of ancient thick basaltic protocrust (Hamilton, 2011) with magmatism triggered by delamination of the lithospheric mantle. The distribution and rock record of sedimentary basins are a direct reflection of their tectonic setting (Dickinson and Valloni, 1980; Ingersoll and Busby, 1995) . Of particular importance for deducing the tectonic setting of sedimentary basins is the detrital zircon record (Cawood et al., 2012) . In this contribution we present detrital zircon age data and Hf isotopes which, in combination with the igneous, geochemical and zircon record can be used to infer the most likely tectonic and crustal growth scenario for the granite-greenstone terranes that outcrop south of Lake Victoria in the Archaean Tanzania Craton.
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THE STRATIGRAPHY OF THE LATE ARCHAEAN TANZANIA CRATON AND THE SIGNIFICANCE OF KAVIRONDIAN CONGLOMERATES
The stratigraphy of the Archaean Tanzania Craton (Fig. 1) is subdivided into the Dodoman, Nyanzian and the Kavirondian Supergroups (Manya et al., 2006; Kabete et al., 2012a; Sanislav et al., 2014) . The Dodoman Supergroup, which is interpreted as basement and, thus, the oldest unit of the Tanzania Craton, mainly occurs in the central and southern part of the craton (Kabete et al., 2012a) . No basement-age rocks have been identified so far in the northern half of the Tanzania Craton (Kabete et al., 2012b; Sanislav et al., 2014; Kwelwa et al., 2017b) . The Sukumaland Greenstone Belt is dominated by the Nyanzian Supergroup and the associated granitoid intrusions ( Fig. 1 ) with isolated occurrences of Kavirondian sediments. The stratigraphy is fragmented and disrupted by shear zones and granitoid intrusions (Borg and Shackleton, 1997; Sanislav et al., 2015) . The Nyanzian Supergroup has been subdivided into Lower Nyanzian and Upper Nyanzian. The Lower Nyanzian (Fig. 3a) is dominated by deformed lower amphibolite facies mafic rocks of the Kiziba Formation (Cook et al., 2016) consisting of lava flows, pillow basalts, and dolerite and gabbro sills with minor shales and felsic volcanics. The Upper Nyanzian (Fig. 3a) consists of deformed, greenschistfacies, black shales and ironstones topped by a well bedded turbiditic sequence with volcaniclastic intercalations. The Kavirondian Supergroup (Fig. 3a) unconformably overlies the Nyanzian and comprises conglomerate, quartzite and grit. The geita Greenstone Belt (Fig. 2) contains elements of the Nyanzian and the Kavirondian stratigraphy. In the Geita area the Kavirondian Supergroup consists mainly of quartzitic conglomerates that crop out in the northern part of the greenstone belt (Fig. 2) along a ~1km long and ~200m wide discontinuous zone trending more or less EW. The quartzitic conglomerates unconformably overlie the polydeformed Nyanzian ironstones. They have no consistent internal stratification, the clasts are generally well rounded (Fig. 3b) , and in places a transition to coarse sandstone
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can be observed. The conglomerates are poorly sorted and contain clasts of quartz-pebble conglomerate ( Fig. 3b ) suggesting some internal reworking and possibly re-sedimentation.
The conglomerates contain a rich zircon population composed mostly of fragmented and subrounded grains which display concentric growth zoning (Fig. 3c ) typical of igneous zircons.
ZIRCON AGE DISTRIBUTION AND GROWTH OF THE GRANITE-GREENSTONE TERRANE OF THE NORTHERN TANZANIA CRATON
The crustal growth of the Sukumaland Greenstone Belt as revealed by the zircon and rock record shows a progressive change in the igneous record from mafic to felsic igneous activity over a time span of ~200 Myr (Fig. 4a) , between ~2820 Ma and ~2620 Ma (Kabete et al. 2012b; Sanislav et al., 2014; Kwelwa et al., 2017b) . The earliest period of crustal growth, pre-2800 Ma, is dominated by widespread mafic-tholeiitic volcanism with isolated occurrences of felsic volcanics erupted in an oceanic plateau-like environment (Cook et al., 2016) . Between 2780 Ma and 2700 Ma igneous activity was dominated by diorite and TTG assemblages synchronous with porphyries of similar composition. This was followed by a transition into a period dominated by felsic igneous rocks that culminated with widespread high-K granites intruding between 2660 Ma and 2620 Ma (Sanislav et al., 2014) .
DETRITAL ZIRCON AGE RECORD AND LU-HF ISOTOPES OF THE KAVIRONDIAN CONGLOMERATES
Kavirondian conglomerates in the Geita Greenstone Belt contain zircons ranging in age from ~2790 Ma to~2640 Ma (Fig. 4b) , spanning almost the entire age spectrum obtained from igneous rocks in the northern half of the Tanzania Craton (Fig. 4a) , with a major peak at
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This article is protected by copyright. All rights reserved. (Fig. 4c) . Overall, 86% of the ε Hf data from the Kavirondian conglomerates show positive values suggesting a significant juvenile component in this part of the Tanzania Craton. Single stage depleted mantle model ages for all zircon grains vary from 2918 Ma to 3036 Ma which is similar to the ~3000 Ma model ages for the mafic volcanics of the Kiziba Formation (Manya, 2004; Manya and Maboko, 2008; Cook et al., 2016) .
DETRITAL ZIRCON VS MAGMATIC AND GEOCHEMICAL RECORD
The two most striking aspects of the zircon age distribution seen in Figure 4 are the lack of any detrital zircon ages predating the extrusion of the mafic tholeiitic volcanics (Fig.   3a ) and the fact that the igneous and the detrital ages cover a similar time period. The latter suggests that the detrital zircons were derived within the craton and record the crustal growth in this part of the Tanzania Craton. The detrital distribution also suggests that most zircons were derived from the TTG source, inasmuch as 70% of these zircons are older than 2700
Ma. The low representation of the high-K magmatism in the detrital population could indicate that the contribution of the high-K magmatism to the overall crustal volume is relatively small or poor exposure of equivalent rock types during sedimentation.
The lack of detrital zircon grains older than the mafic volcanics is consistent with earlier interpretations (Manya, 2004; Manya and Maboko, 2008; Cook et al., 2016 ) that the mafic volcanics of the Kiziba Formation are seen as the oldest rocks in this part of the
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Tanzania Craton and were erupted through oceanic crust and represent true oceanic basalts.
The origin of these mafic volcanics is important because their partial melting under eclogiteto amphibolite-facies conditions was considered to be the primary source of the TTGs (Maboko et al., 2006) . Their geochemical and isotopic signature was interpreted to indicate partial melting in a back arc setting (Manya and Maboko, 2003; Manya and Maboko, 2008) or partial melting of a plume head in an oceanic plateau like setting (Cook et al., 2016) . The main argument favouring a subduction component is the presence of a small negative Nb anomaly when normalized to NMORB, whereas primitive mantle ratios of the immobile and highly incompatible trace elements (Zr/Hf, Nb/Th, Ti/Zr, Nb/Y, Nb/U), bimodal volcanism and a short eruption time over a large area favours the plume head scenario. On Nb/Y-Zr/Y diagram, used to constrain the mantle source of oceanic basalts (Condie, 2003) most of the samples plot within the field of oceanic plateau basalts (Fig. 5a ) consistent with a plume source although a few sample overlap with the fields of ocean ridge and arc basalts. The trend towards the arc basalts field can be interpreted to indicate subduction input, contamination with continental crust or the effect of alteration and metamorphism. Nb is considered immobile in most subduction systems whereas U and Th are considered mobile (e.g. Tatsumi, 1989; Plank and Langmuir, 1993; Elliot et al., 1997) . Since all three elements are highly incompatible during melting and fractional crystallization, ratios such as Nb/Th and Nb/U can be used to track the mantle source composition of basalts, to trace the recycled continental crust, crustal contamination and alteration (e.g. Hofmann et al., 1986; Campbell, 2003; Hofmann, 2004; Pearce, 2008) . In a subduction setting the addition of U and Th from the slab to the mantle wedge will lower the Nb/U and Nb/Th ratios of the melt.
Contamination with crustal material or alteration and metamorphism will have a similar effect. The average Nb/U and Nb/Th ratios of the Kiziba Formation are 32 and 8 respectively (Fig. 5b) , which are nearly identical to the primitive mantle values (Nb/U=34, Nb/Th=8; Sun
and McDonough, 1989) . This corroborates Cook et al. (2016) interpretation that the Kiziba Formation basalts were extracted from a mantle source that did not experience previous crust extraction or subduction related modification. The Hf isotopic signature of the detrital zircons is dominated by positive ε Hf values and follows an evolution curve with a 176 Lu/ 177 Hf ratio of 0.029, which is consistent with derivation from a mafic source. Moreover, the ε Hf of the Kiziba Formation lies on the same evolution trend (Fig. 4c) , which is consistent with interpretations (Maboko et al., 2006 ) that the mafic volcanics of the Kiziba Formation are the primary source for the TTGs. In fact, the high-K granites also plot along the same evolutionary trend (Fig. 4c) suggesting their derivation from the TTGs or from a mixed source of TTG and sediment with a TTG-like composition (Sanislav et al., 2014) . This trend is also illustrated by the I-type character of both the TTGs and the high-K granites (Fig. 5c ).
The transition from TTG to high-K magmatism also marks a shift in the locus of melting (Fig. 5d) , from the garnet stability field, characterised by high Sr/Y TTG granites, into the amphibolite field, characterised by low Sr/Y high-K granites.
A TECTONIC MODEL FOR CRUSTAL GROWTH
The petrological progression with time from mafic to felsic crust seen in the igneous record (Fig. 4a) is mirrored by the ε Hf (Fig. 4c ) of the detrital zircons and is consistent with a process in which juvenile mafic crust gradually matures into continental crust. This secular change appears to be characteristic for late Archaean, when the upper crust evolved from dominantly mafic, before 3 Ga, to dominantly felsic by 2.5 Ga (Dhuime et al., 2015; Yuan, 2015; Tang et al., 2016) . From a geodynamic perspective this was interpreted to mark the transition from crust formed above mantle plumes to crust formed in subduction zones. Our observations from north-western Tanzania appear to conform to this global trend, therefore, a viable
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geodynamic scenario has to explain the continuous evolution from mafic to felsic crust, the isotopic evolution, the distribution of the detrital zircons and the sedimentary record, and the composition of the mafic volcanics, the TTG and the high-K granites. The lack of any evidence of older crust involvement is inconsistent with a continental arc setting and the fact that modern island arcs are predominantly mafic in composition (e.g. Holbrook et al., 1999; Larter and Leat, 2003; Stern, 2010) precludes a direct comparison with modern island arc settings. The oceanic plateau-like composition (Fig. 5a ) of the mafic volcanics and the fact that the isotopic and rock record is consistent with the generation of the TTGs by partial melting of mafic volcanics needs to be taken into account. Therefore, we propose a model in which crustal growth occurred by subduction modification of an oceanic plateau (Fig. 6a) .
The main period of TTG magmatism (Fig. 4) coincides with basin development and deposition of Nyanzian sediments (e.g. Borg and Krogh, 1999; Sanislav et al., 2014) followed by shortening between 2700 Ma and ~2660 Ma and finally late extension (van Ryt et al.,
2017 synchronous with the emplacement of high-K granites (Sanislav et al., 2015; .
Therefore, most TTG magmatism occurred during an episode of extensional tectonics synchronous with the Upper Nyanzian sedimentation. Flat subduction was implied to explain the generation of TTGs in the Archaean (e.g. Smithies et al., 2003; Nutman et al., 2015; Hastie et al., 2016) but, at least in modern subduction systems, flat subduction is associated with compressional settings, wherein the arc migrates farther away from the trench and often the magmatic activity stops altogether (e.g. Gutscher et al., 2000; Sobolev and Babeico, 2005; Ducea et al., 2015) . Slab steepening and subduction retreat may cause extension (Fig. 6b ) in the overriding plate but slab dehydration will also cause melting in the mantle wedge (e.g. Ulmer, 2001; Stern, 2002; Stern, 2010) . If that was the case, then most probably these mafic melts would have concentrated at the base of the oceanic plateau (Fig. 6b) . Slab flattening at around 2700 Ma (Fig. 6c) caused basin inversion and initiated compression and a significant
This article is protected by copyright. All rights reserved. drop in magmatism. By 2660 Ma enough thickening had occurred so that the base of the plateau delaminated and sank into the mantle (Fig. 6d) . Upwelling of hot mantle heated up the crust to promote melting of TTG and related sediments with the formation of high-K granites, while partial melting of the metasomatised mantle was responsible for the emplacement of the lamprophyre dykes at around 2640 Ma (Borg, 1994; Borg and Krogh, 1999 ).
In conclusion, the tectonic model presented here takes into account the overall sedimentary, igneous and geochemical record and provides an explanation for the bell-shaped distribution of the detrital zircon population, which is consistent with internal reworking and progressive maturation of an oceanic plateau by successive partial melting events partly controlled by the changing nature of a subducting slab.
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This article is protected by copyright. All rights reserved. (Manya and Maboko, 2008; Cook et al., 2016) . The ε Hf data for the high-K granites (Sanislav et al., 2014) plot near the chondritic ratio of 0.029 typical of mafic rocks. 
plateau-like environment with the development of a thick oceanic root. b) >2700 Ma a subduction zone initiates and slab roll-back causes extension in the overriding oceanic plateau and deposition of the Upper Nyanzian sediments. Due to the thickness of the plateau, melts generated by slab dehydration cannot ascend and accumulate at the base of the plateau (now mostly eclogite), which starts to melt generating diorite and TTG. c) A switch to flatslab subduction causes compression in the overriding oceanic plateau and a dramatic reduction in magma production. d) The eclogitised slab delaminates and sinks into the mantle, and the ascent of hot mantle at the base of the plateau causes heating and partial
